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(54) REMEDY FOR ERECTION FAILURE COMPRISING FUSED PYRIDAZINE COMPOUND 

(57) The present invnetion provides a remedy for erectile dysfunction. The active ingredient thereof is a fused pyri- 
dazine compound represented by the following formula (I) or a pharmacologically acceptable salt thereof: 




(I) 



(wherein the ring C represents a 5 or 6 membered ring optionally having hetero atom(s); n is an integer of from 1 to 4; 
R 1 represents a hydrogen, a halogen, a cyano, etc.; A represents a hydrogen, a halogen, an optionally substituted 
amino, etc.; X represents a group represented by the formula -N=, etc.; and Y represents the formula -CO-, an option- 
ally substituted amino, etc). 
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Description 

Background of the Invention 
5 Technical Field: 

[0001 ] The present invention relates to remedies for erectile dysfunction which contain as the active ingredient novel 
fused pyridazine compounds. 

w Prior Art: 

[0002] It is said that the number of latent patients with erectile dysfunction amounts to about 3,000,000 in Japan. In 
U.S.A., it is reported that the number of patients with erectile dysfunction reaches 20,000,000 and 15% of males in the 
fifties and about 1/3 of those in the sixties suffer from this disease. In this aging society, sexual intercourse is regarded 

is as a pleasant and emotional behavior. With the needs for the improved quality of life, it is anticipated that erectile dys- 
function will raise not only a medical problem but also a social problem in future. This disease is classified into organic 
impotence caused by disorders in the nerves, blood vessels or muscles in the penis per se or sexual hormones and 
functional (psychic) impotence caused by mental or psychologic troubles. There are three factors necessary for erec- 
tion, i.e., an increase in the penile arterial blood flow, the regulation of blood leakage from the penile veins, and the 

20 relaxation of the cavernous tissue. Erectile dysfunction arises when at least one of these conditions is inhibited. 

[0003] The urological treatments for erectile dysfunction effected today involve drug therapy and operative penile 
prosthesis with the use of penile prosthetic appliances. 

[0004] As the drug therapy, it is possible to inject papaverine hydrochloride or prostaglandin E1 into the penile cav- 
ernous tissue. However, this treatment is scarcely performed today, since it is not allowed in Japan that a patient gives 
25 an injection to himself and it is impossible in practice to go for a doctor every time he has coitus. In addition, the injection 
of papaverine hydrochloride would cause, though exceptionally, a painful symptom called priapism. Thus, the treat- 
ments with the existing drugs are not practically usable. Accordingly, it has been urgently desired to develop a drug ther- 
apy therefor which is clinically efficacious in practice. 

[0005] In 1984, Bowman and Drummond reported that a selective cyclic GMP phosphodiesterase inhibitor 
30 M&B22948 (zaprinast) increased cyclic GMP in the tissue and relaxed the bovine retractor penis muscle (Cyclic GMP 
mediates neurogenic relaxation in the bovine retractor penis muscle, Br. J. Pharmacol., 8L 665-674, 1984). Subse- 
quently, other workers have reported one after another the relaxation of the penis cavernosum by increasing cyclic 
GMP in the tissue (Int. J. Impotence Res.. 4, 85-93, 1992; J. Urol., 147, 1650-1655, 1992; and N. Engl. J. Med., 326, 
90-94, 1992). However, none of the compounds employed in these studies can be satisfactorily employed clinically due 
35 to poor efficacy, etc. 

Disclosure of the Invention 

[0006] Under these circumstances, the present inventors have conducted extensive studies and consequently found 
40 out that fused pyridazine compounds represented by the formula (I), which are disclosed in WO96/05176 show a high 
selectivity for phosphodiesterase type V which is an enzyme capable of degrading cyclic GMP and a potent inhibitory 
effect, thus completing the present invention: 



A 



50 




55 {wherein the ring C represents an unsaturated 5 or 6 membered ring optionally having hetero atom(s); n is 0 or 

an integer of from 1 to 4; R 1 represents a halogen, an optionally substituted lower alky), an optionally substituted lower 
alkoxy, an optionally substituted cycloalkyt, a nitro, a cyano, a group represented by the formula -NR 2 R 3 (wherein R 2 
and R 3 are the same as or different from each other and represent a hydrogen, an optionally substituted lower alkyl, an 
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acyl, an optionally substituted arytalkyl or an optionally substituted heteroarylalkyl, or R 2 and R 3 together with the nitro- 
gen atom to which they are bonded may form a ring, and the ring may be substituted), a group represented by the for- 
mula -O-R 9 (wherein R 9 represents a hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted 
arylalkyl or an optionally substituted heteroarylalkyl), a group represented by the formula -S-R 10 (wherein R 10 repre- 
5 sents a hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl, or an optionally sub- 
stituted heteroarylalkyl), a group represented by the formula; 



w 



«?)„ 



— S— R 



(wherein R 11 represents a hydrogen, a lower alkyl or an amino; and m is 0 or an integer of 1 or 2) or an optionally pro- 
15 tected carboxy, provided that when n is 2 to 4, then R 1 s may independently represent the above substituents; 

A represents a hydrogen, a halogen, a group represented by the formula -NR 4 R 5 (wherein R 4 and R 5 are the same 
as or different from each other and represent a hydrogen, an optionally substituted lower alkyl, an acyl, an option- 
ally substituted arylalkyl or an optionally substituted heteroarylalkyl, or R 4 and R 5 together with the nitrogen atom 
20 to which they are bonded may form a ring, and the ring may be substituted), an optionally substituted aryl, an 
optionally substituted heteroaryl, an optionally substituted arylalkyl or an optionally substituted heteroarylalkyl; 
X represents a group represented by the formula -NR 6 -(wherein R 6 represents a hydrogen, an optionally substi- 
tuted lower alkyl, an optionally substituted arylalkyl or an optionally substituted heteroarylalkyl) or a group repre- 
sented by the formula -N=; 

25 Y represents a group represented by the formula -CO- or -C(B)= [wherein B represents a hydrogen, a halogen, a 
group represented by the formula -NR 7 R 8 (wherein R 7 and R 8 are the same as or different from each other and 
represent a hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl or an option- 
ally substituted heteroarylalkyl, or R 7 and R 8 together with the nitrogen atom to which they are bonded may form a 
ring, and the ring may be substituted), a group represented by the formula -O-R 12 (wherein R 12 represents a hydro- 

30 gen, an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl or an optionally substituted 
heteroarylalkyl), -S-R 13 (wherein R 13 represents a hydrogen, an optionally substituted lower alkyl, an acyl, an 
optionally substituted arylalkyl or an optionally substituted heteroarylalkyl), an optionally substituted aryl, an option- 
ally substituted heteroaryl, an optionally substituted arylalkyl or an optionally substituted heteroarylalkyl]; and 

35 



40 

represents a double or single bond; provided that when the ring C is a benzene ring, then the case where n is 0 is 
excluded}. 

[0007] In addition to the remedies (1) as described above, the present invention further provides: (2) remedies for 
45 female sexual dysfunction, dysmenorrhea or premature birth comprising as the active ingredient the above fused pyri- 
dazine compounds or pharmacologically acceptable salts thereof; (3) medicinal compositions comprising a therapeuti- 
cally effective dose of the above fused pyridazine compounds or pharmacologically acceptable salts thereof and 
pharmacologically acceptable carriers; (4) a method for treating erectile dysfunction, female sexual dysfunction, dys- 
menorrhea or premature birth which comprises administering a therapeutically effective dose of the above fused pyri- 
so dazine compounds or pharmacologically acceptable salts thereof to a patient with erectile dysfunction, female sexual 
dysfunction or dysmenorrhea or a patient giving premature birth; and (5) use of the above fused pyridazine compounds 
or pharmacologically acceptable salts thereof for producing remedies for erectile dysfunction, female sexual dysfunc- 
tion, dysmenorrhea or premature birth. 

[0008] In the definition given herein, as the unsaturated 5 or 6 membered ring optionally having hetero atom(s) rep- 
55 resented by the ring C, benzene, pyridine, pyrazine, pyrimidine, pyridazine, pyrrole, imidazole, pyrazole, thiophene and 
furan rings may be proposed. 

[0009] In the definition represented by the above formula (I), the lower alkyl in the "optionally substituted lower alkyT 
as used in the definition of R 1 , R 1a , R 1b , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 R 8 , R 9 . R 10 , R 11 , R 12 and R 13 means linear or branched 
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C^e alkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl. 1-methylpropyl, tert-butyl, n-pentyi, 1-ethylpropyl, 
isoamyl and n-hexyl. Examples of the substituent include hydroxy, nitro, amino, cyano, acyl such as acetyl and benzoyl, 
lower alkoxy such as methoxy and ethoxy, halogeno such as fluorine, chlorine, bromine and iodine and optionally pro- 
tected carboxy. Either one or more of these substituents may be attached to one or more carbon atoms in the lower 
5 alkyl. 

[001 0] The lower alkoxy in the "optionally substituted lower alkoxy" as used in the definition of R 1 , R 1 a and R 1 b means 
those derived from the above-mentioned lower alkyl, for example, methoxy, ethoxy and propoxy. Examples of the sub- 
stituent include hydroxy, nitro, amino, cyano, acyl such as acetyl and benzoyl, lower alkoxy such as methoxy and ethoxy, 
halogeno such as fluorine, chlorine, bromine and iodine, and optionally protected carboxy. Either one or more of these 

10 substituents may be attached to one or more carbon atoms in the lower alkoxy. 

[001 1 ] The cycloalkyl in the "optionally substituted cycloalkyl" as used in the definition of R 1 , R 1a and R 1b means C3. 
8 ones. Examples of the substituent include hydroxy, nitro, amino, cyano, acyl such as acetyl and benzoyl, lower alkoxy 
such as methoxy and ethoxy, halogeno such as fluorine, chlorine, bromine and iodine, and optionally protected carboxy. 
Either one or more of these substituents may be attached to one or more carbon atoms in the cycloalkyl. 

is [001 2] The term "acyl" as used in the definition of R 2 , R 3 , R 4 , R 5 , Ft 6 , R 7 , R 8 , R 9 , R 10 , R 12 and R 13 means acyl derived 
from aliphatic, aromatic or heterocyclic groups. Examples thereof include lower alkanoyl such as fbrmyl, acetyl, propio- 
nyi, butyryl, valeryl, isovaleryl and pivaloyl, aroyl such as benzoyl, toluoyl and naphthoyl, and heteroaroyl such as furoyl, 
nicotinoyl and isonicotinoyl. Namely, any groups derived from various carboxylic adds are involved therein. Among 
these substituents, it is preferable to use fbrmyl, acetyl, benzoyl, etc. 

20 [001 3] The aryl in the "optionally substituted aryl" as used in the definition of A and B means those derived from aro- 
matic rings such as phenyl, 1 -naphthyl, 2-naphthyl and anthracenyl. Examples of the substituent include hydroxy, nitro, 
amino, cyano, acyl such as acetyl and benzoyl, lower alkoxy such as methoxy and ethoxy, halogeno such as fluorine, 
chlorine, bromine and iodine, and optionally protected carboxy. 

[0014] The heteroaryl in the "optionally substituted heteroarylalkyl" as used in the definition of A and B means mono- 
25 cyclic or heterocyclic groups containing one or more atoms of nitrogen, sulfur, oxygen, etc. Examples thereof include 
pyridyl, pyrrolyl, imidazolyl, pyrazolyl, pyrazyl, pyrimidyl, pyridazyl, thienyl, pyranyl, isothiazolyl, isoxazolyl, furazanyl, 
benzothienyl, ffuryl, indolyl, indolizinyl, isoindolyl, benzothiazolyl, benzimidazolyl and quinazolyl. Examples of the sub- 
stituent include hydroxy, nitro, amino, cyano, acyl such as acetyl and benzoyl, lower alkoxy such as methoxy and ethoxy, 
halogeno such as fluorine, chlorine, bromine and iodine, and optionally protected carboxy. 
30 [001 5] The expression "R 2 and R 3 , R 4 and R 5 , or R 7 and R 8 together with the nitrogen atom to which they are bonded 
may form a ring" as used in the definition of -NR 2 R 3 in R 1 , -NR 4 R 5 in A and -NR 7 R 8 in B means that R 2 and R 3 , R 4 and 
R 5 , or R 7 and R 8 may form, together with the nitrogen atom to which they are bonded, for example, piperidinyl, pyrro- 
lidinyl, piperazinyl, etc. Examples of the substituent include hydroxy, optionally substituted amino, aminoalkyl, nitro, 
nrtroalkyl, lower alkoxy, lower alkoxyalkyl, hydroxyalkyl, optionally protected carboxy and optionally protected carboxy- 
35 alkyl. The most preferable examples of the substituent include hydroxy, hydroxy methyl, hydroxyethyl, carboxymethyl 
and carboxyethyi. 

[0016] The aryl in the "optionally substituted arylalkyl" as used in the definition of R 2 , R 3 , R 4 , R 5 , R 6 , R 7 R 8 , R 9 , R 10 , 
R 12 R 13 and Y means those derived from aromatic rings such as phenyl, 1-naphthyl, 2-naphthyl and anthracenyl. The 
alkyl as used herein means those derived from the above-mentioned lower alkyl. Examples of the substituent include 
40 hydroxy, nitro, amino, cyano, acyl such as acetyl and benzoyl, lower alkoxy such as methoxy and ethoxy, halogeno such 
as fluorine, chlorine, bromine and iodine, and optionally protected carboxy. 

[001 7] The heteroaryl in the "optionally substituted heteroarylalkyl" as used in the definition of R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , 
R 8 , R 9 , R 10 , R 12 , R 13 and Y means monocyclic or heterocyclic groups containing one or more atoms of nitrogen, sulfur, 
oxygen, etc. Examples thereof include pyridyl, pyrrolyl, imidazolyl, pyrazolyl, pyrazyl, pyrimidyl, pyridazyl, thienyl, pyra- 

45 nyl, isothiazolyl, isoxazolyl, furazanyl, benzothienyl, fury I, indolyl, indolizinyl, isoindolyl, benzothiazolyl, benzimidazolyl 
and quinazolyl. The alkyl as used herein manes those derived from the above-mentioned lower alkyl. Examples of the 
substituent include hydroxy, nitro, amino, cyano. acyl such as acetyl and benzoyl, lower alkoxy such as methoxy and 
ethoxy, halogeno such as fluorine, chlorine, bromine and iodine, and optionally protected carboxy. 
[0018] The term "halogeno" as used in the definition of R 1 , R 1a , R 1b , R 12 , R 13 and R 1 4 means fluorine, chlorine, bro- 

50 mine, iodine, etc. 

[001 9] Examples of the pharmacologically acceptable salts to be used in the present invention include inorganic acid 
salts such as hydrochlorides, sulfates, hydrobromides and phosphates and organic acid salts such as formates, ace- 
tates, trifluoroacetates, maleates, fumarates, tartrates, methanesutfonates, benzenesulfonates and toluenesulfonates. 
[0020] Some of the compounds according to the present invention form hydrates. Needless to say, these hydrates are 
55 also included within the scope of the present invention. 

[0021] Among the compounds according to the present invention, preferable ones are fused pyridazine compounds 
represented by the following formula (I) wherein the ring C is benzene or pharmacologically acceptable salts thereof: 
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A 



5 



(R')o 




(i) 



10 



(wherein n, R 1 , A, X, Y and 

15 



20 are each as defined above). 

[0022] Among them, still preferable ones are fused pyridazine compounds represented by the following formula (IV) 
or pharmacologically acceptable salts thereof: 



(wherein B, R 1a , R 14 , R 15 and R 16 are each as defined above). 

[0023] Because of being excellent in oral absorbability and long-lasting action, these fused pyridazine compounds or 
40 pharmacologically acceptable salts thereof can be percutaneously, intravenously or orally administered for treatment 
without resort to injection directly into the penile cavernosum, which makes them favorable as remedies for erectile dys- 
function. 

[0024] Although the compounds of the present invention may be administered in an arbitrary dose without restriction, 
they are usually given to an adult in a dose of from 5 \iq to 100 mg, preferably from 1 0 to 1 ,000 \ig, in the case of intra- 
45 venous administration, or in a dose of from 1 to 1 ,000 mg, preferably from 5 to 1 00 mg, in the case of oral administration. 
[0025] WO96/051 76 discloses processes for producing these fused pyridazine compounds or pharmacologically 
acceptable salts thereof and their phosphodiesterase type V inhibitory activities. 

[0026] Although the compounds of the present invention aim at treating male erectile dysfunction, these compounds 
are also efficacious against female sexual dysfunction, premature birth and dysmenorrhea. 



30 



25 




(IV) 



35 



50 



Best Mode for Carrying Out the Invention: 



[0027] The following Examples will be given to show the effects of the compounds of the present invention. 



55 
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Example 

Relaxing effect on extirpated rabbit penile cavernosum preparation 

s [0028] The penis was extirpated from a Japanese white rabbit (about 3 kg) under anesthesia with pentobarbital (50 
mg/kg) administered intravenously to give a penile cavernosum preparation (about 20 x 1 .5 x 1 .5 mm). This preparation 
was suspended in a Magnus tube filled up with Krebs-Henseleit's nutritive solution (containing 1 \M of indomethacin) 
at 37°C and a gas mixture (95% oxygen + 5% carbon dioxide) was bubbled thereinto. Then the isometric tension was 
recorded under a load of 2 g. To stabilize the contraction, contraction caused by adding a potassium chloride solution 
10 (final concentration: 50 mM) and washing with the nutritive solution were repeated for two times. Next, the preparation 
was contracted by adding a phenylephrine solution (final concentration: 10 \M). When the contraction was stabilized, 
4-(3-ch!oro-4-methoxybenzyl)amino-6-cyano-l-(4-hydroxypiperidino)-phthalazine hydrochloride (hereinafter referred to 
as the compound A) was added cumulatively at a common ratio of 10 from 1 nM to 100 nM in the final concentration 
and the tension was continuously recorded. From the dose-response curve thus formed, the medium relaxation con- 
is centration of the compound A on the contraction was determined. The value obtained from six preparations was 4.47 
liM (95% confidence limit: 1 .88 - 10.6 jiM). 



Table 1 



20 



25 



Cone. (nM) of Com- 
pound A 


Relaxation ratio (%) 


0.01 


17.4± 1.4 


0.1 


28.1 ±5.1 


1.0 


40.8±10.4 


10.0 


61.415.1 


100.0 


90.611.6 



30 

Production Example 

4-(3-Chloro-4-methoxybenvnamino-6-cvano-l-(4-hvdroxypiperidino)phthalazine hydrochloride 

35 [0029] 69 g of 6-cyano-2, 3-di hydro- 1 ,4-phthaladinedione was suspended in 400 ml of phosphorus oxychloride. After 
adding 75 ml of diisopropylethylamine, the mixture was heated under reflux for 40 minutes. Then the excessive phos- 
phorus oxychloride was evaporated and the residue was dissolved in methylene chloride and poured into ice water. 
After filtering off the unnecessary through celite, the celite filter was washed with methylene chloride. The filtrate was 
extracted with methylene chloride. The organic layer was washed with a saturated aqueous solution of sodium bicarbo- 

40 nate, dilute hydrochloric acid and brine and dried over anhydrous magnesium sulfate. This solution was filtered by using 
silica gel and the solvent was evaporated to give 66 g of 6-cyano-1,4-dichlorophthalazine as a pale orange solid. 

1 H-NMR(400 MHz, CDC1 3 ) 8: 

8.24(1 H, dd, J=8.5, 1.5Hz), 8.47(1 H, dd, J=8.5, 1.0Hz), 8.68(1 H, dd, J=1.5. 1.0Hz). 

45 

[0030] 66.2 g of 6-cyano-1 ,4<iichlorophthalazine and 92 g of 3-chloro-4-methoxybenzylamine were suspended in 
1 ,200 ml of tetrahydrofuran. After adding 250 ml of triethylamine, the resulting mixture was heated under reflux for 6 
hours. The resulting crystals were filtered off and the filtrate was evaporated. The residue was purified by silica gel col- 
umn chromatography (toluene : tetrahydrofuran = 10 : 1) to give 59 g of 1-chloro-4-(3-chIoro-4-methoxybenzyl)amino- 
so 6-cyanophthalazine as pale yellow crystals. 

M.p.: 213.0-214.5°C, Mass 359(MH+), 
1 H-NMR(400 MHz, CDCI 3 )S: 

3.87(3H, s), 4.78(2H, d, J=5.0Hz), 5.75(1 H, t, J=5.0Hz), 6.87(1 H, d, J=8.5Hz), 7.31(1 H, dd, J=8.5, 2.0Hz), 7.43(1 H, 
55 d, J=2.0Hz), 8.05(1 H, dd, J=8.5, 1 .5Hz), 8.24(1 H, dd, J=1 .5, 1 .0Hz), 8.29(1 H, dd, J=8.5, 0.5Hz). 

[0031] 10.0 g of 1-chloro-4-(3-chloro-4-methoxybenzyl)amino-6-cyanophthalazine was dissolved in 50 ml of N- 
methyl-2-piperidone. After adding 43.32 g of 4-hydroxypiperidine and 10 ml of diisopropylethylamine, the resulting mix- 
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ture was heated at 1 70°C for 8 hours. Then ethyl acetate wag added thereto and the resulting mixture was successively 
washed for three times with water and once with brine and dried over anhydrous magnesium sulfate. After evaporating 
the solvent, the residue was purified by silica gel column chromatography (methylene chloride : methanol = 30 : 1) to 
give 10.1 g of 4-(3<hloro-4-metrK)xybenzyl)amino^<yano^-(4-hydrQxypiperidino)phthalazine as yellow crystals. 

M.p.: 172.0-173.5°C. Mass 424(MH+), 
1 H-NMR(400 MHz, CDCI 3 ) 8: 

1.70(1H, brs), 1.80-1.90(2H, m), 2.07-2.15(2H, m), 3.05-3.15(2H, m), 3.50-3.60(2H, m), 3.87(3H, s), 3.90-4.00(1H, 
m), 4.74(2H, d, J=5.0Hz) ( 5.41 (1H, t, J=5.0Hz), 6.87(1 H, d, J=8.5Hz), 7.29(1 H, dd, J=8.5, 2.0Hz), 7.42(1 H, d, 
J=2.0Hz), 7.95(1H, dd, J=8.5, 1.5Hz), 8.12(1H, dd, J=1.5, 1.0Hz), 8.21(1H, dd, J=8.5, 0.5Hz). 

[0032] 1 0.8 g of 4-(3^hloro^-methoxybenzyl)amino-6-cyano-l-(4-hydroxypiperidino)phtha!azine was suspended in a 
mixture of ethanol (60 ml) with water (30 ml) and 30 ml of a 1 N aqueous solution of hydrochloric acid was added 
thereto. After dissolving by heating once, the mixture was cooled by allowing to stand at room temperature. The result- 
ing crystals were collected by filtration and hot air-dried at 80°C overnight to give 9.37 g of the title compound as yellow 
crystals. 

M.p. 217-227°C (decomp.), Mass 424 (MH+), 
1 H-NMR(400MHz, CDC1 3 ) 8: 

1.61-1.70(2H, m) ( 1 .90-1 .97(2 H, m), 2.97-3.04(2H, m), 3.37-3.48(2H, m), 3.70-3.79(1 H, m), 3.84(3H, s), 4.70(2H, 
d, J=5.5Hz), 7.15(1H, d. J=8.5Hz), 7.44(1H, dd, J=8.5, 2.0Hz), 7.59(1H, d, J=2.0Hz), 8.23(1H, dd, J=8.5Hz), 
8.45(1 H,d. J=8.5Hz), 9.33(1 H, s), 1 0.1 0(1 H, brs), 1 4.00(1 H, brs). 



1. A remedy for erectile dysfunction which comprises as the active ingredient a fused pyridazine compound repre- 
sented by the following formula (I) or a pharmacologically acceptable salt thereof: 



{wherein the ring C represents an unsaturated 5 or 6 membered ring optionally having hetero atom(s); n is 0 or an 
integer of from 1 to 4; R 1 represents a halogen, an optionally substituted lower alkyl, an optionally substituted lower 
alkoxy, an optionally substituted cycloalkyt, a nitro, a cyano, a group represented by the formula -NR 2 R 3 (wherein 
R 2 and R 3 are the same as or different from each other and represent a hydrogen, an optionally substituted lower 
alkyl, an acyf, an optionally substituted arylalkyl or an optionally substituted heteroarylaJkyl, or R 2 and R 3 together 
with the nitrogen atom to which they are bonded may form a ring, and the ring may be substituted), a group repre- 
sented by the formula -O-R 9 (wherein R 9 represents a hydrogen, an optionally substituted lower alkyl, acyl, an 
optionally substituted arylalkyl or an optionally substituted heteroarylalkyl), a group represented by the formula -S- 
R 10 (wherein R 10 represents a hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted 
arylalkyl, or an optionally substituted heteroarylalkyl), a group represented by the formula; 



Claims 




A 




u 



— S— R 



(wherein R 1 represents a hydrogen, a lower alkyl or an amino; and m is 0 or an integer of 1 or 2) or an optionally 
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protected carboxy, provided that when n is 2 to 4, then R 1 s may independently represent the above substituents; 

A represents a hydrogen, a halogen, a group represented by the formula -NR 4 R 5 (wherein R 4 and R 5 are the 
same as or different from each other and represent a hydrogen, an optionally substituted lower alkyl, an acyl, 
s an optionally substituted arylalkyl or an optionally substituted heteroarylalkyl, or R 4 and R 5 together with the 

nitrogen atom to which they are bonded may form a ring, and the ring may be substituted), an optionally sub- 
stituted aryl, an optionally substituted heteroaryl, an optionally substituted arylalkyl or an optionally substituted 
heteroarylalkyl; 

X represents a group represented by the formula -NR 6 -( wherein R 6 represents a hydrogen, an optionally sub- 
10 stituted lower alkyl, an optionally substituted arylalkyl or an optionally substituted heteroarylalkyl) or a group 

represented by the formula -N=; 

Y represents a group represented by the formula -CO- or -C(B)= [wherein B represents a hydrogen, a halogen, 
a group represented by the formula -NR 7 R 8 (wherein R 7 and R 8 are the same as or different from each other 
and represent a hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl or 

is an optionally substituted heteroarylalkyl, or R 7 and R 8 together with the nitrogen atom to which they are 

bonded may form a ring, and the ring may be substituted), a group represented by the formula -O-R 12 (wherein 
R 12 represents a hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl or 
an optionally substituted heteroarylalkyl), a group represented by the formula -S-R 13 (wherein R 13 represents 
a hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl or an optionally 

20 substituted heteroarylalkyl), an optionally substituted aryl, an optionally substituted heteroaryl, an optionally 

substituted arylalkyl or an optionally substituted heteroarylalkyl]; and 



represents a double or single bond; 

provided that when C is a benzene ring, then the case where n is 0 is excluded}. 

30 2. The remedy as set forth in Claim 1 , wherein the ring C is a benzene ring. 

3. The remedy as set forth in Claim 1 , wherein the ring C is a pyrazine ring, X is nitrogen and Y is the formula -C(B)= 
(wherein B is as defined above). 

35 4. The remedy as set forth in Claim 1 , wherein the ring C is a pyridine ring, X is nitrogen and Y is the formula -C(B)= 
(wherein B is as defined above). 

5. The remedy as set forth in Claim 1 or 2, wherein the fused pyridazine compound is represented by the following 
formula (II): 

40 



45 




(ID 



B 



[wherein R 1a and R 1b are different from each other and each represents a halogen, an optionally substituted lower 
alkyl, an optionally substituted lower alkoxy, an optionally substituted cycloalkyl, a nitro, a cyano or a group repre- 
ss sented by the formula -NR 2 R 3 (wherein R 2 and R 3 are the same as or different from each other and represent a 
hydrogen, an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl or an optionally substi- 
tuted heteroarylalkyl, or R 2 and R 3 together with the nitrogen atom to which they are bonded may form a ring, and 
the ring may be substituted); n is 0 or an integer of from 1 to 3; and A and B are each as defined above]. 



8 



EP 0 920 868 A1 



6. The remedy as set forth in Claim 1 or 2, wherein the fused pyridazine compound is represented by the following 
formula (III): 




15 



20 



[wherein R 1a and R lb are different from each other and represent a halogen, an optionally substituted lower alkyl, 
an optionally substituted lower alkoxy, an optionally substituted cycloalkyl, a nitro, a cyano or a group represented 
by the formula -NR 2 R 3 (wherein R 2 and R 3 are the same as or different from each other and represent a hydrogen, 
an optionally substituted lower alkyl, an acyl, an optionally substituted arylalkyl or an optionally substituted heter- 
oarylalkyl, or R 2 and R 3 together with the nitrogen atom to which they are bonded may form a ring, and the ring 
may be substituted); R 6 represents a hydrogen, an optionally substituted lower alkyl, an optionally substituted ary- 
lalkyl or an optionally substituted heteroarylalkyl; n* is 0 or an integer of 1 to 3; and A and B are each as defined 
above]. 



25 7. The remedy as set forth in Claim 1 , wherein the fused pyridazine compound is represented by the following formula 
(IV): 



30 



35 




(IV) 



[wherein R 14 , R 15 and R 16 are the same as or different from each other and represent a hydrogen, a halogen, an 
optionally substituted lower alkyl or an optionally substituted lower alkoxy, or two of R 14 , R 15 and R 16 bonded to car- 
bon atoms adjacent to each other may form methylenedioxy or ethylenedioxy; and R 1a and B are each as defined 
above]. 

45 

8. The remedy as set forth in Claim 1 , wherein the fused pyridazine compound is represented by the following formula 
(V): 



50 



55 
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0 



[wherein R 1a , R 6 , R 14 , R 15 and R 16 are each as defined above]. 

9. The remedy as set forth in Claim 1 , wherein the compound is one selected from among the following compounds: 

1) 1 <hloro-4-(3-chloro-4-methoxybenzyl)amino-6-cyanophthalazine; 

2) 1 -chloro-6"Cyano-4-(2-methoxyethyl)aminophthalazine; 

3) 1 -chloro-4-(3-chloro-4-methoxyanilino)-6-cyanophthalazine; 

4) 1 -chloro-6-cyano-4-(4-methoxybenzyl)aminophthalazine; 

5) 1-ch!oro-4-(a-methyl-3-chloro-4-methoxybenzyl)amino-6-cyanophthalazine; 

6) 1 -chloro-4-(3-chloro-4-ethoxybenzyl)amino-6-cyanophthalazine; 

7) 1 -chloro-4-(3-chloro-4-methoxybenzyl)amino-6-trif luorophthalazine; 

8) 1-chloro-4-(3-chloro-4-methoxybenzy1)amino-6-(N,N-dimethylsuIfamoyl)phthalazine; 

9) 1 -(3-chloro-4-methoxybenzyl)amino-4,6,7-trich!orophthalazine; 

1 0) 1 -(3-chloro-4-methoxybenzyl)amino-4,6-dichlorophthalazine; 

1 1) 4-chloro-1-(3-chloro-4-methoxybenzyl)amino-6-nitrophthalazine; 

12) 4-chloro-1-[3-chloro-4-(4-methoxybenzyloxy)benzyl]amino-6-cyanophthalazine; 

13) 4-chloro-1-(3-chloro-4-ethoxybenzyl)amino-6-cyanophthalazine; 

14) 8-(3-chloro-4-methoxybenzyl)amino-5-(4-hydroxypiperidino)pyrido[2,3-d]pyridazine; 

1 5) 4-(3-chloro-4-methoxybenzy1)amino-6-cyano-1 -(4-hydroxypiperidino)phthalazine; 

1 6) 1 *(4-c^rbamoylpipericlino)-4-(3-chloro^-methoxybenzyl)amino-6<yanophthalazine; 

1 7) 6-chloro-4-(3-chloro-4-methoxybenzyl)amino-1 -(3-hydroxypyrroIidino)phthalazine; 

18) 6-chloroO-(4-ethoxycaroonylpiperidino)-4-(3,4-methylenedioxybenzyl)aminophthalazine; 

1 9) 4-(3-chloro-4-methoxybenzyl)amino-1 -[4-(2-hydroxyethyi)piperazin-1 -yl]-6-nitrophthalazine; 

20) 1-(3-chloro-4-methoxybenzyl)amino-6J-dichloro^ 

2 1 ) 4-[4-(3-chloro-4-methoxybenzy l)amino-6-cyanophthalazin- 1 -yljthiomorpholi ne 1 , 1 -dioxide; 

22) 4-(3-<*loro-4-methoxybenzyI)amino-6<yano-1-[4-(m^ 

23) 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1 -[(trans-4-hydroxy-1 -cyclohexyl)amino]phthalazine; 

24) 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1 -piperidinophthalazine; 

25) 4-(3<hloro-4-methoxybenzyl)amino-6-cyano-1-(thiomorpholino)phthalazine; 

26) 4-(3-chloro-4-methoxyanilino)-6-cyano-1 -(4-hydroxypiperidino)phthalazine; and 

27) 4-[2-(3K;hloro-4-methoxyphenyl)ethytamino-6-cyano-1-(4-hydroxypiperidino)prrthalazine. 

1 0. A remedy for female sexual dysfunction, dysmenorrhea or premature birth which comprises as the active ingredient 
the fused pyridazine compound as set forth in Claim 1 or a pharmacologically acceptable salt thereof. 

1 1 . A medicinal composition which comprises a therapeutically effective dose of the fused pyridazine compound as set 
forth in Claim 1 or a pharmacologically acceptable salt thereof and pharmacologically acceptable carriers. 

12. A method for treating erectile dysfunction, female sexual dysfunction, dysmenorrhea or premature birth which com- 
prises administering a theraperutically effective dose of the fused pyridazine compound as set forth in Claim 1 or a 
pharmacologically acceptable salt thereof to a patient with erectile dysfunction, female sexual dysfunction or dys- 
menorrhea or a patient giving premature birth. 
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1 3. Use of the fused pyridazine compound as set forth in Claim 1 or a pharmacologically acceptable salt thereof for pro- 
ducing a remedy for erectile dysfunction, female sexual dysfunction, dysmenorrhea or premature birth. 
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